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FXECUTIVE SUMMARY

? * This report describes studies conducted at the National Institute of
Petroleum and Fnergy Research (NIPFR) for the Federal Aviation Administration
(FAA) under a cost sharing agreement with the U.S. Department of Energy. 1In
these studies, the effect of aging automobile gasoline on 1ts volatility and its
octane rating was measured.
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The samples tested in this program represented a wide geographic
distribution for both winter and summer blends of automobile gasoline. Aging was
accomplished by heating the samples to 110° F in vented containers and keeping
the fuel sample at that temperature for 48 hours. The change i{n the volatility
of the fuel was measured using the Reid Vapor Pressure (or an equivalent test and
correcting it to the Reild Vapor Pressure). The research and motor octane numbers
were measured before and after aging. The distillation curve of each fuel was
. determined for both the initial and aged samples. The constituents of each fuel
- were identified for both the initial and aged samples using gas chromatography
and the prin-ipi=» cinstituents lost during aging were identified.
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N "he . l..ges in the distillation curve and the Reid Vapor Pressure were
o greater ior the winter-grade fuels than the summer-grade fuels., This was
expected since the winter-grade fuels contain a larger percentage of low
molecular weight constituents (e.g., butane and isopentane) and these are the
principle components lost during the aging process.

The changes in octane as a consequence of aging were, for the most part,
negligible. The principle exception was for the winter-grade sample of fuel from
> Philadelphia which contained an unusually high percentage of butane. The change
in octane rating was similar for both the winter grade and the summer grade
N fuels.
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WEATHFRING EFFECTS ON FUEL QUALITY

INTRODUCTION

The mandated reduction in fuel lead level and an increasing demand for high
octane quality fuels necessary for maximum performance of vehicles require
refineries to consider all possible means to produce acceptable quality fuels at
competitive costs.

In the light aircraft industry, concerns exist that the substitution of
motor gasoline for aviation gasoline might result in engine failure during
maximum power demands. Weathered fuels which have lost higher volatility
components will have qualities that are more closely related to the remaining
lower volatility components. The bulk of the remaining portion lies in the
distillation range that would be produced from alternative feedstocks and these
tend to be the lower cctane components. Requests to the Federal Aviation
Administration (FAA) for autogas certification have raised questions concerning
current regulations. The fuel certification procedures require aircraft fuel
tests to be conducted at 110° F. Concerns are related to the higher volatility
characteristics of autogas compared to aviation gas and the possibility of
inducing vapor lock at high temperatures. There 18 also inadequate information
regarding the weathering effect of fuel storage at high temperature and resultant
effects on fuel octane quality.

EXPERIMENTAL PROGRAM

The experimental program at the National Institute for Petroleum and Energy
Research (NIPER) was initiated to provide information to aid in making technical
judgments on fuel, fuel specifications, and fuel conditioning requirements for a
range of fuels that could be utilized in current light aircraft. This portion of
the work 1s centered on determining the acceptability of motor fuels that have
been weathered, causing loss of volatile components.

TEST FUELS.

Commercial auto gasolines from various locations were surveyed for
volatility and octane quality--in both as~received and after-weathering
conditions. Antiknock quality was evaluated to assess the suitability of this
variety of auto fuels for aviation applications. Experiments have been
conducted with ten winter (January-February) and ten summer (July-August) fuels
that were obtalned from commercial suppliers representing various geographic
(refining) areas in the contiguous 48 states. The fuels were tested in as-
received condition with no modifications to the existing vapor pressures.
Specific fuel properties will be presented in the section dealing with test
results,

TEST PROCEDURES.

Prior to testing, all fuels were stored in air tight sealed drums at 500 F
and equilibrated at that temperature for a minimum of one week., The fuel
weathering teats involved tranasferring the fuels to vented test tanks, heating




the fuel to 110° F and maintaining that fuel temperature for a 48-hour reriod.
This time period was chosen to ensure noticeable aging effects following
equilibration at 1100 F., Fuel samples were taken within one hour -f the time
required for the fuel to equilibrate at 110° F and at 12, 24, and 48 hours
afterward for determination of vapor pressures. In addition, fuel samples were
taken both from the initial or fresh fuel and at the 48-hour point following
temperature equilibration. These samples were analyzed for distillation
characteristics (ASTM D 8b), research octane number (RON) (ASTM D2699) and motor
octane nurper (MON) (ASTM D2700). An attempt to identify specific components of
the gasolirnes which are lost due to weathering at this temperature was conducted
using gas chromatographic techniques.

Two ‘uel tanks representative of light azircraft were used. These were
rectangular shaped with low height and large bottom surfaces. The total tank
volures were nominally 13 gallons. FEach tank was vented thrcugh fill ports and
this 2rez was less than 2 percent of the tank top area. The tanks were placed on
stands in a test cell having a temperature control range of 50C to 1200 F + 19,
Thermocouplies were placed in the tanks approximately cne inch ahove the bottom
surface to monitor fuel temperature, and additional monitcring for temperature

historv was made with a chart recorder. The tank levels specified were a minimum
of 90 percent full.

The testr procedure consists of the following:

1. Fuels were stored at an ambient temperature 500 F and an initial (fresh
fuel® sample was taken under these conditions.

2.  Test fuel tanks were filled with 500 F fuel to the 12-gallon (92

percent full) level,.

Tank vents were left open to the atmosphere.

4. The tanks were then placed in the soak area and heated to a fuel
temperature of 110° F, This fuel temperature was controlled by room
ambient temperature throughout the test to + 1° F.

5. Fuel samples were taken within one hour of attaining the desired
temperature. This was referred to as time = O,

A1 Additional samples were taken at 12, 24, and 4% hours following
equilibration at 11090 F.

As mentioned earlier, additional measurements were made with the int{ial and
4€-hour samples. These included:

1. Distillation characteristics by ASTM D 86 technique.
2 Fuel octane evaluations--both RON and MON,

27, Component characterization by gas chromatographic analyses.

Viuner nressure measurements were made from all samples taken. The fuel
samnles for vapor pressure analvses were stored and equilibrated at S0° F, Vapor
pressurc measurements tor the ten winter grade fuels were made at NIPER usirng the
AST™ microveonor pressure (MVP) procedure D 2551-71, The MVP was measured with a
medel " wapor pressure gauge from Manufacturers Engineering and Fquipment
Corprraticn.
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The miczros merind wis developed as an alternative to the standard wVP
procedure ASTM 0 303 to offer an advantage In speed and size of sample required,
The RVP metbod consisted of filling a gasoline charber of vapor pressure
apparatus with a chilled =ample of gascline. The gasoline chamber was conrnected
to an air chamber maintained at 100Y F, and the apparatus was {mmersed ir a bath
at 1000 F ard shaken periodically until a constant pressure was observed on a
zauge attached to the apraratus. The wvauvpe readino, suitablv corrected, wns
reported as Reld vapoar pressure.

The microvaper pressure consicted of introducing a liqu!d sample ‘nte an
evacrated chamber fitted with means of measuring pressure in the chamber tefore
and after sample intrcducticen. The arparatus was immersed in a constant
temperature bath of 100° 7. Both tie RVF and MVP procedures used vap r/liqg id

+

volume ratios of abeut a:il.

When a sample of wvrlatils hvdrocarbons 1is saturated with air and {nt- .Juced
in:o a chamber and ailewed to equilibrate, the increase In pressure 1s equal ¢
rhe sum of *h> ol swin, rour pressures:

1. “oe vaser pressiare of the 1iquid at the temperature of the chamher.
.+« partial pressure of the dissolved air that comes out of solurion.

“. Ihe partial pressure of the dissolved water.

4., The compression effect of the liquid velume on initfal atr within :le
« hamber.

The onlw gignificant pressures of these four which contribute te the total
pressure ave the first two, the vapor pressure of the sample and partial pressure
¢ the Jissolved alr.

7y nature of the systems, the evacuated chamber associated with the M'P
presumes that all dissolved air will come entirely out of the solution and be
measured and corrected; whereas, the Reid method (above atmospheric pressure)
automatically compensates for the effect of dissolved air. Therefore, the RVP of
a gfver sample will zlwavs be lower than the MVP of the same sample. For
conversion of MVP resulte to KVP, the MVP may be corrected for the efiect ni
Jieenived oir or empirically correlated with Reid values.

“he samples were saturated with air at S0 F and pressures measured b
crerry manometer At 1000 F by mercury marnometer. The empirical rathematical
velotionehip of MVE and RVP was supplied with the test apparatus,

i
«7
:
i

0.010 (MVP, makg) - 0.66

d.lews the measered

CFRVPY.

MUP te he oxpressed as an equivalent Reild vapor pressure

ey tuel o vapnT pressure measurements were made using the Reio
rrocedure, A lerrop semi-automatic Reid vapor pressure apnaratus was ured,  The
chanese In vepor pressure apparatus for the summer measurements was nade primarily
Jor purpose of faster turnaround. Results from the twe tvpes of vaper pressure
“egsurements vere examined ar NIFFER for a variety of {uels In the precsire vinge
o dnterert and were found to be verv comparable.
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RESULTS

WINTFR-1'RADF FUERLS.

Tatie 1 ehows a tabular history of the fuel vapor pressure changes due to
weatheriny effects at 1107 F, The fuels are {dentified by thz citv of origin.
These data are presented as FRVP.  The vapor pressurc samples were taken within
the previousl. defined time limits, As a group, the origina’ or unweathered
rressures had (with Philadelphia as an exception) an apprcoximate range of 12.5 to
1+ psi.  Tre Philadelphia fuel had a value of 16.1 psi. The weathered values
var’~3 “rom oacout 'C to 11 psi indicating losses 1n ERVP ranging from about 2.0
te s, sl for the 48-hour period.

foares b othreugh 5 are the plotted vapor pressure resslte for fuels which

were cooated simmltaneously. Tt should be noted that the diff-rinces 1n

e Statdioe tire (from initial sample to t = 0) are due 15 changers in test cell
R irabilities. an Initial malfunction ‘n the svstem was rcspsible for
e eculiitratior periods as seen In the Denver-Wicnita plot (figure 4),

'omew were teduced to around 10 hours following reoncair:. Cell temperatures

it tines reached 1700 T during this period, bLut carefu) mednlaticn assured no

cel torresature cv-cursions from tne target values., A lirear reg-ession analysis

va s octed o the results for the winter grade fuels. From these results

' xTe crrenTe tn he o strong relationship between the change in vapor pressure

and the dededal RVPS that {s, the higher the init{al RVP, the preater the change
iy " wever, this relationship is also affected by fuel compositional

TrTerne The data suggest that fuels with sim{iar {nitial vapor pressures,
D.e., Tonver-Wichita and Rockville-San Diego, do not necessarily weather
sivliarln. Tre=e d{fferences wouid appear tc be attributable to compositional
tiirerences, in seneral, meet of the vapor pressure decreases occurred before
e U =nnr weattering noinr,

a* = " rresenra setane changes (both RON ond MON) fer {hese ten high vapor

versvre conter fhels, Decreases In octane qralityv due to weathering appeared to
coo~mloie o ind were peneraliv less than 0.3 oactane number., Most of these data
e ‘ol experimental repeatabil{itv.,  An excoptiorn is seen with the winter
el v resunoy unieaded fuel. A decrease of 0.7 in MON was noted and as
o teoceer o the compositional data, {s attributed to the high initial content
. . [
Toourea b othrooph 15 chow changes in the fuels' distillation character due

ctrelled weather{ng cond{tions. The fuels all exhibited similar trends,
with o tle maior offoce duye te loss of velatile front-end components.

Tooore e A fuel irftfal hoiling point (IRP) attributahle to the 1100 F
: g Tt ¥7 F. Ten-volume percent distilled level changes varied
tree R Vorn, the Sacramento fuel to a high of 169 F for the unleaded

b e Fu e sbhowed eimilar trends for the most part, with the high
oo re Philadelnhis fuel exhibiting the largest changes in boiling

oot Tiaeflt ot ion temperature increases for this fuel ranged to more than
e e T= 50! Tf-yolume percent distflled points. Again, the larger
- ©osrde Tuel cre attributable to losses of a large amount of butane
. oAy i, aral el
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Tables 3 through 12 are ruel compositions for the individual fuels. These
are results of was chromatographiic analyses conducted on the inittal and 48~ heur
samples., These (U lata are presentced as volume percent summations as a function
of both carbon number and compound class, A listing of compound specifiec
analyses for each surmer and winter fuel, original and weathered, are contained
in rerference 1. In gzererail, as might be expected, most of the changes occur in
the C; to Cg range containing the most volatile materials, 1.e., butanes, and
pentanes. Note that <hen reviewine =ahlcas 2 through 12, relative changes should
be kept in mind; as one comporent decrencos, the relative percentage of the
others iIncrease,

As i Ph
in vapor pressure, ~cotine, and distillation character. Table 4 presents the
compesitional summaries fren sarples taken before and after weathering. Rv far,
the largest total charve {s wicn che C4 compounds. The very high infitfal vapor
pressure would sugeecr that the volatile materials lost were butane and
isopentare. Tho :=1%4c component listing in reference 1! indicates a high
fnitfal ™ut .ae contant.

an example, the 16,1 psi Philadelphia fuel exhibited the larsest changes

3

SIMMER- D s FIELS

The sunmer fuels tested were procured from geographic locations similar to
those of the winter fuels. BRoth regular and premium unleaded gasolines were
obtained, and as would be discovered, a gasohol fuel was included. Table '3
stows the effect of a controlled 1107 F soak on the vapor pressures. Unweath-
ered fuel RYP values were from about 8.5 to 11 psi. Decreases in vapor pres-
sures due to weathertivy ronged from a low of 0.5 psi for Wichita samples to a
high of 7.° psi ter Daluth,  As with the winter fuels, most of the decreases
accnirred within 12 hours, and the drop in RVP appears to be marginally dependent
on the {nitial REVI' of the summer grade blends, with the fuel composition
affecting the overall deciine,

~

|
Pl

=z

Getane quelity charges are presented in table !4, Motor octane results
showad no degradation fer most of the fuels. Onlv the premium unleaded
facremento fuel tests indicated a significant octane decrease of (.7,

Pigures 7 rhrough 25 contain Information on the summer fuel distillation
character before and after weathering. For most cases, there were barely
discernible d-irferences In fuel bolling range due to weathering. 1BP changes
were minimal. The Houston fuel exhibited the most change with 5, 10, and 29D
percent pointe increasing by about 10° I after weathering. This is not
nnexpected for rhese fuels since they contaln far lower quantities of the morve
volatile front-end cemponents normally used for vapor pressure enhancement.
Srecitfic alochel analveis wae ronducted with the New Orleans fuel, Results
s'owed 1l-veinme percent ethanol, thus accounting fer the unusual shape of the
Meifllatior enrves—-the bhoiling point for ethanol is 1730 F,

Takles TS orhroneh 79 eontain fucl compoaitional summaries for the simeer
tuela,  As w b otne wirter fuel rewnlts, the charges occur mestly in the front
ends, from 1 to ti;. Avatn, the specific compouent results for thrse fuels are
contained i v orence 1, 1t shovld be noted that the relatively small component
cosces for theso fuel o had essontially ne effects oa thelr ocrane and
Adstillatic characteristice,

3




CONCLUSTON S

ro oconducted to measive the effect 0f pn 2ntomed - L e
freoal o oecarane characteristics, Vvcer acd o cen foe s o were
charaoas aocattors In o the contic-ove T o

ceocov s tuded that In most cases chaves Ceo oot T Dot ine oot
sotoer Yyele at TI0C F for 48 bBeits wo e Do b T e b Yeh

ntor Tuela, Tne onlv exceptiopne ~orod dv then co 5 were duo T

celovivelv high bhutane ceoncentrat:ion o o the cunol o sod fr o anoiher a

following apirg but pri-r (o teeiing o the cotam

iver lonbed

ude of docrease In velatilitv. &g chovacreriz- 0 hy Redd Varnor
was somewhat dependent on thy in“cinl fast taes WP, Mowever,
imitoar fvitial vapor pressures do -t rocessar!! e in a sirii-
farilire decreases due to aefng nre derendent o the oreoaud quontit.
; components found in the "o

- =VP due to aging, for bdeth sumcer and Linoor Loeis, occurred
we t. Il-nour period following ecuilibrat on .t 119 F, Changes
twear oo st 4% hours were within mothod repe taniltice

the urmer-grade fuels produced oniv miner inecreases {n the
remperatures.  Increases In the inicial boiiin, cini and
cuTve were more pronounced fYor the winter-cride Tuelic, These
eve mnet evident In the front end (i« v lecul ir welght=low boiling)
- the distillation curve. The winter :rade Fr iadelphia gasoline,

1

<ivad o owverv high butane concentratic evhi™ites {he greatest loss In

charpes measured in these experiments sre 2fn . lar to results frem

les rortained [n references 2, L, and

[alFOR ARV R SR S VAR
APELRENOR

v o ine hromatocraphy Data Troc Fuel Aginy Studies, DOT/FAA/CT-
Core Warem, National institute for Petroleum and Frergv Research,

cotr oo Autovns, DOT/FAA/CT-TNRA/54, Riclhiard Wares and Jerryv
Sartoe s Inetitate for Petrelear and Fnergyv Resenrch, Octo*er 1985,

s e T Ay ettt nnor Autosas Volat{idity, DOT/VAA/CT-
o o Tederal Actardor Admintetratfon Teehnieal Centor,

atden Mreradt, DOTOFAASCT-RIION D M Stewsart Burnes,
. T Vet MO Peyrara, Federal aviation Admivictratien
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E:: TASLZ ', - vaper pressure versus time

E;I- Cquivalent Reid Vapor Pressure (psi)
|
o, ~ o Time
.{:. Fuel o Origimal G 12 24 48

o Houston, TX 251 1.6 1131 1097 10.65

, Sacramento, CA {2.51 'ilda 10.99 11.10 10.61

- Philadelphia, P& e, 2.1 11.37 11.16 10.78
- New Orleans, LA 12 .66 11.61 11.10 11.03 10.80
o Rockville, MD 12,45 10.99 10.70 10.32 10.13

( . San Diego, CA 10,92 11.48 11.18 10.95 10.87

5 Denver, CO e 06 12.36 1.73 11.2 10.84

o Wichita, KS 14,08 12.08 11.69 11.54 11.37

L Ft. Lauder 2t FL 11.98 10.13 10.15 10.04 9.81

;— Chicags, IL 13.93 11.82 11.44 11.37 10.87

=

- TABLE 2. - Octane ratings

- RON MON

e Fuel Iritial Final Diff. Initial Final Diff.
;2_ Houston, TX 91.6 91.5 0.1 82.6 82.4 n.2
v Sacramento, CA 92.0  91.7 0.3 82.6  82.4 0.2
o Philadelphia, PA 62,1 91.7 0.4 81.5 80.8 0.7
::* New Orleans, iLA 9z2.3 92.3 0.0 86.2 86.1 0.1
W Rockville, MO 91.7 91.4 0.3 82.3 82.2 0.
“1 San Diego, CA 92.3  92.1 0.2 82.8  82.5 0.3
e Denver, CC 89.0 88.6 .4 80.5 80.1 0.4
.- Wichita, KS 41.2 91.7 1 82.8 82.5 C.3
- Ft. Lauderdale, I Q1.6 3LE n.0 82.2 82.1 0.}
o Chicago, ! 91.3 91.2 0.0 82.4 82.3 0.1
b4

i ’
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FIGURE 8. - Changes in distillation character due to weathering,
winter fuels from Denver.
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FIGURE 12. - Changes in distillation character due to weathering,
winter fuels from Rockville.
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'ifﬁ TABLE 3. - Fuel composition summary - New Orleans - winter
-
‘iﬁj Volume-percent Summation by Carbon Number and Compound Class
T . Initial
N Carbon Paraffins
N No. Normal Iso Naphthenes Qlefins Aromatics Total !
1 0.00 0.00 0.00 0.00 0.00 0.00
. 2 0.00 0.00 0.00 0.00 0.00 0.00
g 3 0.12 0.00 0.00 0.02 0.00 0.13
T 4 9.54 2.26 0.00 0.88 0.00 12.69
- 5 5.94 8.65 0.12 4.52 0.00 19.23
6 4.27 8.01 1.42 1.51 1.03 16.24
< 7 1.47 8.41 2.10 2.68 3.68 18.33
H 8 0.57 16.88 0.69 0.03 4.45 22.63
- 9 0.12 2.83 0.04 0.00 3.06 6.05
g i0 0.05 2.20 0.00 0.00 2.22 4.47
"y 11 0.05 0.02 0.00 0.00 0.15 0.22
- 12 2.00 0.00 0.00 0.00 0.00 0.00
o Total 22.13 49.27 4.36 9.64 14.60 100.00
Average Molecular Weight = 88.64
Average Density - .702
[0 Average Carbon Number = 6.29
l’»’ H/C Ratio = 2.06
o 48 Hours
SN Carbon Paraffins
L No Normal Iso Naphthenes  Olefins  Aromatics  Total
L 1 0.00 0.00 0.00 0.00 0.00 0.00
b 2 0.00 0.00 0.00 0.00 0.00 0.00
~ 3 0.05 0.00 0.00 0.01 0.00 0.06
T 4 7.55 1.59 0.00 0.70 0.00 9.85
il 5 5.65 8.00 0.11 4.57 0.00 18.33
"y 6 4.26 7.93 1.43 1.53 1.11 16.25
R 7 1.50 8.45 2.10 2.72 4.01 18.78
SN 8 0.59 19.48 0.87 0.04 4,61 25.59
e 9 0.12 3.14 0.00 0.00 3.19 6.45
- 10 0.C5 2.28 0.0C 0.00 2.15 4.48
o 11 0.05 0.02 0.00 0.00 0.14 0.21
° 12 0.00 0.00 0.00 0.00 0.00 0.00
Lo Total 1y, 80 50,87 4.51 9.57 15.21 100.00
.
o Average Molecular Weight = 90.69
W Average Density - .708
e. Average Carbon Number = 6.44
P H/C Ratio = 2.04
A
"o - 23
g
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TABLE 4. - Fuel composition summary - Chicago - winter

Volume-percent Summation by Carbon Number and Compourd Zlass

Initial
Carbon Paraffins
No. Normal Iso Naphthenes Olefins Arcmatics Tota)l
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.17 0.00 0.00 0.02 0.00 0.18
4 11.68 1.57 0.00 1.35 0.00 14.60
5 6.23 10.56 0.19 4.29 0.00 21.¢8
6 3.12 11.44 2.57 1.74 i.76 20.63
7 1.73 4.56 1.26 2.07 9.02 18.65
8 0.58 5.75 1.17 0.10 3.18 10.78
S 0.14 1.04 0.00 0.090 7.56 8.73
10 0.10 0.20 0.00 0.00 4.22 4,53
11 0.10 0.03 0.00 0.00 0.49 0.62
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 23.85 35.15 5.19 9.58 26.23 100.00
Average Molecular Weight = 85.92
Average Density - .715
Average Carbon Number = 6.16
H/C Ratio = 1.93
48 Hours
Carbon Paraffins
NG. Normal Iso Naphthenes Olefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.0% 0.00 0.00 0.00 0.00 0.05
4 7.98 0.88 0.00 0.93 0.00 9.79
5 5.82 9.48 0.19 4.01 0.00 19.49
6 4.19 11.73 2.78 2.49 1.87 23.06
7 1.88 4.96 1.37 2.28 9.89 20.39
8 0.63 6.41 0.77 0.11 3.55 11.48
9 0.15 1.23 0.00 0.00 8.35 9.74
10 0.12 0.26 C.00 0.00 4.75 5.12
1l 0.11 0.03 0.00 0.00 0.73 0.87
12 n.00 0.00 0.00 0.00 0.00 0.00
Tota! 20.93 34.98 5.11 9.82 29.14 100.00
Average Mo'ecular Weight = 88.87
Averace Tersity - 727
Average Carbon Number = 6.39
</ Ratio = 1.88

Cadii® i o o
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ij~ TABLE 5. - Fuel composition summary - Ft. Lauderdale - winter
‘%ﬂ Volume-percent Summation by Carbon Number and Compound Class
! Initial
o Carbon Paraffins
" No. Norma' [so Naphthenes Qlefins Aromatics Total
" 1 0.00 0.00 0.00 0.00 0.00 0.00
o 2 0.00 0.00 0.00 0.00 0.30 0.00
: 3 0.14 0.00 0.00 0.05 0.00 0.19
.. 4 8.12 1.59 0.00 1.20 0.00 10.92
N 5 5.78 10.71 0.17 4.19 0.00 20.85
- 5 3.40 10.87 2.64 3.04 2.29 22.25
N 7 1.66 5.75 1.52 2.59 8.31 19.83
4 8 0.45 5.92 0.77 0.06 6.45 13.65
9 0.12 1.63 0.02 0.00 6.09 7.86
10 0.08 0.25 0.00 0.00 3.67 4.00
11 0.07 0.00 0.00 0.00 0.40 0.46
12 3.00 0.00 0.00 0.00 0.00 0.00
. Total 19.81 36.73 5.12 11.13 27.21  100.00
: Average Molecular Weight = 87.39
Average Density - .720
Average Carbon Number = 6.27
K/C Ratio = 1.90
48 Hours
- Carbon Paraffins
e No. Normal [so Naphthenes Olefins Aromatics Total
_ 1 0.00 0.00 0.00 0.00 0.00 0.00
o 2 0.00 0.00 0.00 0.00 0.00 0.00
e 3 0.06 0.00 0.00 0.02 0.00 0.08
" 4 5.41 1.10 0.00 0.92 0.00 7.43
- 5 5.42 10.00 0.17 4.03 0.00 19.61
o 6 3.37 10.79 2.72 3.25 2.56 22.68
o 7 1.71 6.44 1.75 2.88 8.46 21.24
1) 8 0.42 6.32 0.89 0.08 8.12 15.83
O 9 0.12 2.10 0.06 0.00 5.86 8.14
- 10 0.07 0.37 0.00 0.00 3.59 4,03
.oy 11 0.05 0.13 0.00 0.00 0.72 0.90
'Y 12 0.00 0.C0 0.00 0.00 0.05 0.05
Total 16.61 37.25 5.99 11.19 29.36 100.00

Average Molecular Weight = 89.78
Average Oensity; - .730

Average Carbon Number = 6.46

H/C Ratio = 1.87
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TABLE 6. - fuel composition summary - Philade’shia - winte~

Volume-percent Summation by Carbon NumrLer anc Zompo.rd T a ¢

Initial
carbdon Paraffins
No. Norma’ [so Naphthenes Glefins Aromatics Total
1 0.00 0.06 0.00 0.0C 0.00 3.00
2 G.co 0.00 0.00 C.oc 2.00 0.006
3 0.8 0.00 0.00 0.01 5.00 £.07
4 9.23 3.19 0.00 5.09 0.0¢ 17.51
5 2.55 12.86 0.24 6.77 0.00 29.43
s 1.70 6.46 1.61 5.27 J.44 15.49
7 0.85 2.90 1.42 3.62 3.5 12.29
g 0.37 3.34 1.65 0,16 2.21 i0.74
9 0.14 2.89 0.09 0.00 290 8.08
10 0.11 0.70 0.00 9.00 3.97 4.78
11 0.15 0.08 0.00 0.00 0.85 .13
12 0.15 0.16 0.00 0.0 r.18 0.48
Total ¢2.31 32.59 5.02 20.93 19.1i5 100.00
Average Molecular Weight = 33.51
Average Density - .699
Average Carbon Number = 5.96
H/C Ratio = 1.99
48 Hours
Carbon Paraffins
Nc. Normal iso Naphtaenes C'efins Aromatics Total
R 0.00 0.00 0.Cc0 0.00 0.00 0.00
Z 0.00 0.00 G.co 0.00 0.00 0.00
3 ¢.0l 0.00 0.00 0.00 0.00 0.01
4 4.77 1.13 0.00 2.60 0.60 8.50
£ 8.95 11.01 0.25 6.31 0.00 26.53
6 1.93 7.08 1.86 5.95 0.51 17.33
7 1.04 3.46 1.75 4.34 4.40 14.98
8 0.39 4.21 2.16 0.26 6.47 13.48
9 0.17 3.61 0.12 0.00 6.33 10.23
10 0.14 0.96 0.00 0.00 4.99 6.08
11 0.20 0.08 0.00 0.00 1.69 1.97
12 0.19 0.00 0.00 0.00 0.70 0.90
Tota? 17.78 31.54 6.13 19.46 25.09 100.00

Average Molecular Weight = 89.77
fverage Jensity - .723

Average Carbon Number = 6.44

/7 Ratio = 1.91
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I; TABLE 7. - Fuel composition summary - San Diego - winter
iﬂ Volume-percent Summation by Carbon Number and Compound Class
f ‘ Initial
. Carban Paraffins
S NO. Normal [so Naphthenes Qlefins Aromatics Total
- 1 0.00 0.00 0.00 0.00 0.00 9.00
v 2 0.00 0.00 0.00 0.00 0.00 0.00
- 3 0.12 0.00 0.00 0.03 0.00 0.15
S 4 7.41 3.97 0.00 0.74 0.00 12.12
o 5 4,64 10.29 0.19 4.84 0.00 19.96
- 6 2.57 7.20 2.33 3.22 1.25 16.57
- 7 1.37 4.68 3.17 0.54 6.28 16.05
{ 8 0.78 6.61 1.22 0.01 9.12 17.75
- ) 0.38 3.14 0.11 0.00 7.19 10.82
- 10 0.25 1.02 0.00 0.00 4.46 5.72
- 11 0.14 0.03 0.00 0.00 0.48 0.64
j; 12 0.00 0.06 0.00 0.00 0.1% 0.22
o Total 17.65 37.00 7.03 9.39 28.93 100.00
- Average Molecular Weight = 89.52
Average Density - .726
- Average Carbon Number = 6.43
i h/C Ratio = 1.89
%? 48 Hours
:; Carbon Paraffins
- NO. Normal Iso Naphthenes Olefins Aromatics Total
3 1 0.00 0.00 0.00 0.00 0.00 0.00
'3 2 0.00 0.00 0.00 0.00 0.00 0.00
- 3 0.05 0.00 0.00 0.01 0.00 0.06
o 4 6.00 2.85 0.00 0.60 0.00 9.45
N 5 4,52 9.69 0.20 4,69 0.00 19.10
- 6 2.64 7.32 2.35 3.28 1.30 16.90
7 1.45 4.88 3.31 0.58 6.58 16.79
o 8 0.82 6.94 1.00 0.01 9.60 18.37
. 9 0.40 3.21 0.16 0.00 7.61 11.37
3 10 0.26 1.43 0.00 0.00 4.90 6.59
; 11 0.15 0.17 U.00 0.00 0.63 0.95
I 12 0.00 0.11 0.00 0.00 0.30 0.41
. Total 16.29 36.61 7.01 9.18 30.91 100.00
:i Average Molecular Weight = 91.61
- Average Density - .734
e Average Carbon Number = 6.60
L H/C Ratio = 1.86
; 27
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TARLE 8. - Fyue?! composition summavy - Rookv 'le - 4t

, 7 ume-percent Summation by Carbon Numpe: and _.mrolng s
[nitia}
-droen Para“fing
No. el [so Naphthenes  Gier'ns  Aruaifcs  Toia
1 c.C0 0.00 0.00 £.32 ..00 0.00
2 .00 0.C0 0.00 C.00 5.00 0.9
3 J. 16 ¢.oc 0.G0 0.03 -.00 £.22
M 741 1.77 0.00C c.54 0.00 11.77
B 7.00 10.49 0.18 4.80 0.00 22.48
C 2.4%7 8.54 1.66 3.6 1.21 17.52
; 1.22 5.72 2.07 1.4¢ 5. 70 i€.il
e 0.52 7.65 1.89 0.07 7..4 16.87
v v.35 3.01 0.08 J.0C 5,41 0.27
iC S.28 0.83 0.CcC 3.0¢ 5. 65 ¢.77
PN 0.1l 0.03 0.00 0.90 26 0.1
22 5.cC 0.01 0.20 c.co SIK C.G3
Tot2] 19.5¢ 38.05 N 12.42 oo 100.0C
Average Molecular Weight = 88.15
Averase Jensity - .716
Average Carbcn Number = 6.31
H/C Ratio = 1.94
48 Heurs
Carbon Paraffins
NG. Normal I[so Naphthenes Jlerins Aromatics Total
! 0.00 0.00 0.C0 0.00 n.00 0.0
2 ¢.C0 0.00 0.00 J3.00 0.00 0.00
: 0.06 n.00 ¢.00 0.01 ¢.00 0.07
a 5.46 i.09 0.0C 1.386 0.00 8.41
5 6.83 9.78 0.18 4.71 0.00 21.51
£ Z.63 8.94 1.78 3.86 1.31 18.53
7 1.32 6.24 2.36 1.45 6.20 17.58
8 0.59 9.12 0.98 0.06 7.52 18.27
3 G.38 2.73 0.09 0.00 6.72 9.92
10 0.24 1.01 0.00 0.00 4.00 5.25
tl 0.11 0.03 0.00 0.00 0.32 0.47
12 .00 0.00 0.00 0.00 0.00 0.00
03’ L 3o 04 5.39 11.95 2007 S
fAiverage Mo'ecuidr Weight = 90.25
. Ayerate Tancio, . 724
ol Averace Carbon Number = 6,47
- W0 Ratio = (L3
-
L e
L
b2
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TABLE 9. - Fue) composition summary - Sacramento - winter

Volume-percent Summation by Carbon Number and Compound Class

Average Molecular Weight = 88.71
- Average Density - .718

[ X Average Carbon Number = 6.35

- H/C Ratio = 1.94

Initial
Carbon Paraffins
No. Normal Iso Naphthenes OQlefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.24 0.00 0.00 0.00 0.00 0.24
4 5.93 2.87 0.00 0.97 0.00 9.77
5 5.75 13.15 0.22 3.34 0.00 22.46
6 2.75 10.84 3.81 3.37 1.64 22.42
7 1.12 5.51 3.10 1.28 6.00 17.00
8 0.38 7.09 1.90 0.06 7.80 17.22
e 9 0.21 3.01 0.07 0.00 4.9% 8.23
o 10 0.09 0.36 0.00 0.00 2.06 2.50
- 11 C.00 0.00 0.00 0.00 0.15 0.15
T 12 0.0C 0.00 0.00 0.00 0.00 0.00
Ial — — I -_— - -
® Total 16.46 42.84 g.10 9.01 22.59 100.00
Average Molecular Weight = 87,54
Average Density - .714
Average Carbon Number = 6.26
H/C Ratio = 1.96
48 Hours
Carbon Paraffins
No. Normal [so Naphthenes Olefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
2 0.12 0.00 0.00 0.00 0.00 0.12
4 5.00 2.17 0.00 0.82 0.00 7.99
5 5.71 12.67 0.23 3.32 0.00 21.92
6 2.87 11.15 3.96 3.24 1.70 22.92
7 1.18 5.67 1.61 2.82 6.25 17.53
8 0.35 8.55 1.26 0.03 8.12 18.31
9 0.11 3.02 0.07 0.00 5.22 8.42
10 0.00 0.4l 0.00 0.00 2.23 2.65
11 0.00 0.00 0.00 0.00 0.14 0.14
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.33 43.65 7.13 10.24 23,65 100.00

..............................
.........................
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TABLE 11. - Fuel composition summary - Wichita - winter

?f
N
e
r.-
P

Vvolume-percent Summation by Carbon Number and Compound Class

Carbon Paraffins
NO. Normal [so Naphthenes 0lefins Aromatics Tota!
1 .00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.12 0.00 0.00 0.00 0.00 0.12
4 11.92 1.45 0.00 2.73 0.00 16.11
5 6.22 7.29 0.16 3.92 0.00 17.59
6 3.56 7.03 2.06 3.34 1.21 17.20
7 1.56 8.90 1.49 1.28 5.44 18.66
8 0.56 9.20 1.10 0.08 7.29 18.22
9 0.29 2.45 0.00 0.00 5.33 8.07
10 0.15 0.86 0.00 0.00 2.76 3.77
11 0.04 0.00 0.00 0.00 0.22 0.26
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 24.42 37.18 4.80 11.35 22.26 100.00
Average Molecular Weight = 8/7.02
Average Density - .710
Average Carbon Number = 6.22
H/C Ratio = 1.97
48 Hours
Carbon Paraffins
Nao. Normal Iso Naphthenes Olefins Aromatics Total
1l 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.04 0.00 0.00 0.00 0.00 0.04
4 9.04 0.94 0.00 2.06 0.00 12.04
5 6.04 6.79 0.17 3.80 0.00 16.81
6 3.73 7.29 2.16 3.50 1.25 17.93
7 1.67 9.58 1.58 1.35 5.87 20.06
8 0.60 10.00 1.21 0.10 7.82 19.72
9 0.33 2.81 0.01 0.00 5.81 8.94
10 0.1% 0.73 0.00 0.00 3.18 4.06
11 0.05 0.00 0.00 0.00 0.35 0.41
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 21.65 38.13 5.12 10.81 24.28 100.C0

Average Molecular Weight = 89.57
Average Density - .719

Average Carbon Number = 6.41

H/C Ratio = 1.94
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. - Fuel composition summary - QOenver - ~ nte-

. .ma-vercent Symmation by Carbon Number an

Tarnourl o oiss

Initial

-_-..\'.'.x-:-'?"

Zarho- Paraffing
Ne NC e __Iso Naphthenes Siefirg A-,1atics Tota:
R 5.0 0.00 0.0 (.00 6,00 0.0¢
2 "L 0.00 0.00 5.00 5.00 0.20
3 n.2e .00 0.00 3.00 0.G0 0.26
4 2.3 5.73 0.00 2.54 6.0C 12.50
s £.34 8.49 g.1 2583 6.00 19.0%
5,48 9.02 3.84 ¢ 53 1.28 2.6
2.25 5.97 3.08 1.62 £.32 13.3C
5 J.67 3.91 0.71 .07 7.4 13.90
2 .37 2.27 0.02 3.30 £i3 3.4C
o £.19 .39 0.00 AN .45 3.81
‘ J.la €.00 2.00 g.¢C 0.8 Q.52
L2 J.ce 3.C0 0.0C 0.30 7,20 0.00
Yotz 21,43 35.78 7.34 13,38 24.58 100.00
dyarygge Molescular Weight = 86.83
Averige lensity - (715
2y2-33e Carbon Number = 6.22
7 Ratio - 1.94
48 Hours
Carnon Paraffins
Nz Normal [s9 Naphthenes Olefing Aromatics Total
. 0.CC 0.00 0.CC .00 0.00 0.00
b n.oc 0.00 2.0¢ n.20 €.00 0.00
3 2.CT 0.0C 0.cc 0.00 0.00 0.07
s 3.87 3.48 0.00 1.85 n.00 9.20
5 £.63 7.88 0.13 3.39 G.00 18.10
5 5.793 9.33 4.05 2.65 1.35 23.18
] 2.44 6.30 2.9 1.80 6.85 20.89
P 0.76 4.24 0.82 0.10 8.37 14.29
S C.41 2.52 0.01 0.00 6.24 9.17
S G.28 0.47 0.00 0.00 3.66 4.33
L 013 Q.00 0.00 0.00 0.62 0.75
2 000 g.oe 0.00 0.00 0.00 0.00
ta 2038 34.82 7.98 9.30 27.09 100.C0
fser it Mole o 'ac Weight = 89,57
Mo lengtty - JT0R
dyarige Caroon Mumber = 6,43
Sanio -4l
.
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TABLE 13. - Vapor pressure versus time - summer fuels

Equivalent Reid Vapor Pressure (psi)

Time

- Fuel Original 0 12 24 48
o New Orleans, LA 11.2 9.5 9.3 9.2 9.2
i Houston, TX 8.8 8.2 7.6 7.7 7.4
' Washington, DC 9.9 9.7 8.5 8.4 8.2
o Denver, CO 9.2 8.9 8.4 8.5 8.3
o Ft. Lauderdale, FL  10.6 9.8 9.5 9.3 9.3
o Chicago, IL 10.2 9.6 9.5 9.3 9.3

Sacramento, CA 8.7 8.4 8.3 8.2 8.0
i San Diego, CA 8.9 8.4 8.2 8.2 8.1
o Wichita, kS 8.9 8.8 8.6 8.4 8.4
3 Duluth, !N 10.6 9.3 8.3 7.9 8.1
®
2 TABLE 14. - Octane ratings - summer fuels

RON MON

Fuel Initial Final Diff. Initial Final Diff.
) New Orleans, LA 95.2  95.1 0.1 83.7  83.7 0.0
e Houston, TX 97.5  97.5 0.0 86.5  86.5 0.0
s Washington, DC 91.7  91.4 0.3 81.6  8l.6 0.0
il Denver, CO 89.4 89.4 0.0 80.1 80.0 0.0
e Ft. Lauderdale, FL  97.5 97.5 0.0 86.8 86.8 0.0
o Chicago, IL 93.1 93.0 0.1 83.7 83.7 0.0
o Sacramento, CA 98.1  97.5 0.6 85.8  85.0 0.8
- San Diego, CA 92.7 92.6 0.1 82.2 82.2 0.0
e Wichita, KS 94.1  94.0 0.1 85.0  84.8 9.2
x Duluth, M 94.9  94.0 0.0 86.4  86.1 0.3
)
:
h;. 33
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URE 24. - Changes in distillation character due to weathering,
summer fuel from San Diego.
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TABLE 15. - Fuel composition summary - [enver - summir

[N SSAE IR G IVEINT o RN AN & SEXW AN S UV BN o8 JY S

kT

Dl J el i AR AMAdINA ¢ a0 o e g0 ¢
R _' N .~ , D .. “ : . a‘ |.'A.

e
e

RO 2 DU (D 4 O Fa tad 00 -

-
h-‘
-
”
N
)
b
. |
4\ 1
'l
LN 1
| N
)
'
~
)

-

23

~ 3
3

Tota’l

Average
Average
Average
Tat

Al

3
sl

¥olume-percent Summation by Carbon Number an<

W | 101 A RIS

S Yats

LN — N
ST

33

Lverate Mpolecylar

Ayerace Tarnor Nymbher =

Weignt = 92.4]

”
L7480

6.19

Initial
Paraffins
Ncrma] [so Naphthenes Oiefins Arcunacics i5ta
0.00 £.00 0.00 0.00 -0 C.uC
G.00 0.06 0.00 g.0C £.00 0.0
0.46 0.00 0.00 0.02 J.00 0.48
2.77 1.54 0.00 1.58 0.0C 5.24
6.20 7.89 0.17 3.25 2.00 1/.52
5.68 7.18 3.13 4.0} .48 2C.48
2.40 6.29 1.64 3.22 7.78 21.2:
0.92 5.48 1.06 0.46 3.1« 17.07
0.24 3.08 0.09 0.00 EiE 072
0.13 0.87 0.00 G.oc G,4¢8 5.47
3.08 0.20 0.00 0.00 .53 J.91
3.CC 0.13 0.00 J.00 v.00 J.13
17,59 32.67 6.10 12.54 n.en 100.00
Molecular Weifght = 52.23
Censity = .736
Carbon Number = 6.64
o = 1.85
48 Hours
Paraffins
Norma) 150 Naphthenes Qlefins Aromatics Total
£.0C 0.00 0.00 0.00 0.00 0.00
5.30 0.00 0.00 0.00 0.00 0.0
§.24 0.00 0.00 0.11 G.C0 C.35
3.9! 1.94 0.00 1.11 0.00 11.96
3.90 5.09 0.12 2.04 0.00 11.15
3.91 5.89 2.73 3.26 1.19 16.97
c.34 6.03 1.62 3.39 7.92 1.30
1.00 5.93 1.25 0.38 10.3% 18.52
c.27 3.45 0.08 0.00 8.57 12.38
0.14 0.93 0.00 0.00 5.15 6.23
0.09 0.21 0.00 0.00 0.71 1.02
0.00 0.13 0.00 0.00 0.00 0.13
20.30 29.19 5.82 10.29 33.89 100.00
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TABLE 16. - Fuel composition summary - Wichita - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial
Carbon Paraffins
No. Normal Iso Naphthenes Qlefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.11 0.00 0.00 0.07 0.00 0.17
4 6.48 1.05 0.00 1.79 0.00 9.33
5 2.72 5.94 0.08 2.57 0.00 11.32
6 2.27 5.41 0.87 3.19 1.41 13.15
7 1.49 7.27 1.72 2.56 6.85 19.90
8 0.49 19.98 0.91 0.38 9.33 31.08
9 0.12 4.23 0.20 0.00 5.81 10.35
10 0.04 1.56 0.00 0.00 2.88 4.48
11 0.02 0.01 0.00 0.00 0.20 0.23
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 13.75 45.44 3.77 10.57 26.48 100.00
Average Molecular Weight = 94.48
Average Density = .730
Average Carbon Number = 6.78
H/C Ratio = 1.91
48 Hours
Carbon Paraffins
No Normal Iso Naphthenes 0lefins Aromatics Tota)
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.08 0.00 0.00 0.04 0.00 0.13
4 7.55 1.21 0.00 1.57 0.00 10.33
5 1.41 3.22 0.05 1.28 0.00 5.96
6 2.20 4.15 0.73 1.99 1.04 10.12
7 1.49 6.78 1.53 2.33 6.92 19.04
8 0.59 21.42 1.10 0.34 11.37 34.83
9 0.16 5.10 0.25 0.00 7.81 13.31
10 0.05 2.24 0.00 0.00 3.68 5.97
11 0.03 0.02 0.00 0.00 0.27 0.32
12 0.00 0.00 0.00 0.00 0.00 0.C0
Total 13.56 44,14 3.66 7.56 31.08 100.00
Average Molecular Weight = 97,65
Average Density = ,741
Average Carbon Number = 6.62
H/C Ratio = 1.87
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S ome-reeCent Summation by Cardon Nombec snocomnoLc
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o5 X o la 2.74 0.07 ¢.0C
- ; 3oLl G.83 0.00 .00
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. < s0e 0.08 0.00 3,00
e L 1.0 36.23 4.54 13.4y
k- Average Mgoieru i~ Weight = 89.26
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o “yar e Tarton Aumber = 6,15
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- Tarnon Paraffins
i T Narmg Y] Naphthienes Clelins Fromatics
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: SLon n.00 J.00 0.J0
r. 57 020 0,69 BRAL
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o .3 Tl9 1.78 4.27
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TABLE 18. - Fuel composition summary - San 0iego - summer

Volume-percent Summation by Carbon Number and Compound Class

nitial
Carbon Paraffins
No. Normal Iso Naphthenes 0lefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.28 0.00 0.00 0.08 0.00 0.36
4 15.37 2.61 0.00 3.61 0.00 21.59
5 3.67 10.72 0.13 3.34 0.00 17.88
6 2.37 7.80 2.98 3.81 1.28 18.25
7 1.1% 4.79 1.87 2.45 5.67 15.93
8 0.43 3.71 0.99 0.09 g.06 13.28
9 0.12 2.02 0.05 0.00 6.36 8.55
10 0.0¢e 0.19 0.00 0.00 3.28 3.83
11 0.00 0.02 0.00 0.00 0.18 0.20
12 0.00 0.48 0.00 0.00 0.00 0.48
Total 23.47 32.32 6.02 13.37 24.82 100.00
Average Molecular Weight = 83.84
Average Density = .707
Average Carbon Number = 5,13
H/C Ratio = 1.94
48 Hours
Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.C0
2 0.00 0.00 0.00 0.00 0.00 0.00
3 2.15 0.00 0.00 0.05 0.00 0.20
4 7.1% 1.30 0.00 2.09 0.00 10.54
5 2.97 11.39 0.15 4.62 0.00 19.13
6 2.32 8.63 3.36 4.53 1.48 20.32
7 1.30 5.55 2.13 2.79 6.43 18.20
8 0.53 4.33 1.38 0.21 9.23 15.67
9 0.14 2.35 0.08 0.00 7.44 10.02
10 0.08 0.50 0.00 0.00 4.20 4.78%
11 0.J6 0.16 0.00 0.00 0.65 0.87
12 0.00 0.23 0.00 0.00 0.05 0.28
Total 14.71 34.43 7.09 14.28 29.49 100.00

Average Molecular Weight = 89.32
Average Oensity = .729

Average Carbon Number = 6.08

H/C Ratio = 1.2,
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TABLE 20. - Fuel composition summary ~ Sacramento - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial
carbon Paraffins
No. Normal [so Naphthenes Olefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.27 0.00 0.00 0.08 0.00 0.35%
4 8.72 1.88 0.00 1.08 0.00 11.68
5 1.70 4.80 0.09 2.04 0.00 8.63
& 2.20 5.63 l.cl 2,97 - 2.84 14.85
7 1.57 5.02 0.92 1.87 12.68 22.06
8 0.57 5.43 0.38 0.11 17.06 23.54
9 0.23 1.44 0.00 0.00 11.73 13.4C
10 0.09 0.18 0.00 0.00 4.66 4.92
11 0.00 0.00 0.00 0.00 0.55 0.55
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.35 24.37 2.60 8.16 49.52 100.00
Average Molecular Weight = 93.00
Average Density = .766
Average Carbon Number = 6.34
H/C Ratio = 1.67
48 Hours
Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.0C
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.24 0.00 0.00 0.10 0.00 0.33
4 8.68 1.82 0.00 1.06 0.00 11.56
5 1.71 .71 0.09 2.07 0.00 8.57
6 2.16 5.65 1.23 3.05 2.92 15.02
7 1.57 5.04 0.93 1.88 12.80 22.22
8 0.57 5.45 0.38 0.11 16.94 23.45
9 0.23 1.35 0.00 0.00 11.72 13.30
10 0.09 0.13 0.00 0.00 4,71 4.93
11 0.00 0.05 0.00 0.00 0.56 0.62
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.24 24.21 2.63 8.27 49.65 100.00

Average Molecular Weight = 93.04
Average Density = .766

Average Carbon Number = 6.34

H/C Ratio = 1.66




. - Fuel composition summary - Fort lLauderdale - sumer

Initial

~ume-percent Summation by Carbon Number and Compounc Ztase

? caroen Paraffinrs
'. _No. Normal [so Naphthenes Qlef ins Arcmizics Total
L : J.00 0.00 0.00 0.00 0.00 0.0
2 3.00 0.00 0.00 0.00 0.co 0.0c
5 C.50 0.00 0.00 0.07 0.00 c.57
R 785 2.58 0.00 1.67 0.00 12,10
s .38 7.40 0.16 3.28 0.0C 16.22
. 1.26 4.03 0.63 1.82 0.33 8.67
; Y 3.77 0.88 6.99 11.09 17.85
" 2 2.55 14.80 0.24 0.10 1157 or.ee
. ) J.18 1.41 0.00 0.00 8.90 10.49
N e .08 0.47 0.00 0.00 5.06 5.59
- " .00 0.46 0.00 C.00 C.F2 1.08
g ¢.oC 0.22 0.00 0.00 G.00 0.22
¢ 16,93 35.12 1.92 7.94 38,19 100.00
. Averazs Molecular Weight = 91,95
vz -o,e Density = (743
- Lierage Zarbon Number = 6,42
‘ M0 R3tie = 1.79
: 48 Hours
: “rIolr Paraffins
e Normal [so Naphthenes Qlefins Aromatics Total
R 0.00 0.00 0.00 0.00 .00 0.00
S 700 0.00 0.0C 0.00 0.00 0.00
- SINNe 0.00 0.00 .08 0.00 0.20
- 3.2¢ 1.42 .00 0.68 0.00 10.35
K- 2.79 3.91 0.10 2.12 0.00 8.92
¢ L7 3.1% 0.69 2.16 0.77 7.75
[ 119 3.34 0.59 0.72 12.13 17.98
- ° n.67 16.82 0.31 0.11 14.33 32.24
) i nL2 1.76 0.00 0.00 11.64 13.64
- ; 2.10 0.61 0.00 0.00 6.60 7.30
- 2.0 0.65 0.00 0.00 0.80 1.47
¢ .0 0.1/ 0.00 0.00 0.00 0.17
- 13 31.83 1.60 5.88 46.26 100.00
5 . Car Weioht = 97.0]
! - Pl . L R4
‘. St
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TABLE 22. - Fuel composition summary - Duluth - summer

Volume-percent Summation by Carbon Number and Compound Class

[nitial
Carbon Paraffins
NO. Normal [so Naphthenes Qlefins Aromatics Tota)
1 0.00 0.00 0.00 0.00 0.00 0.00C
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.63 0.00 0.00 0.04 0.00 0.67
4 9.86 3.71 0.00 2.19 0.00 15.76
5 2.60 5.94 0.05 1.34 0.00 9.94
6 2.27 5.81 0.88 2.09 2.20 13.24
7 1.29 6.79 1.44 1.66 8.09 19.28
8 0.41 18.28 0.25 0.06 9.04 28.06
9 0.09 1.68 0.00 0.00 6.17 7.95
10 0.04 1.00 0.00 0.00 3.61 4.65
11 0.02 0.19 0.00 0.00 0.25 0.47
12 0.00 0.00 0.00 0.00 0.00 0.00
Total 17.21 43.40 2.63 7.39 29.36 100.00
Average Molecular Weight = 90.48
Average Density = .725
Average Carbon Number = 6.24
H/C Ratio = 1.89
48 Hours
Carbon Paraffins
No. Normal Iso Naphthenes Dlefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 €.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 G.08 0.00 0.00 0.04 0.00 0.:2
4 7.07 1.32 0.00 1.24 0.00 5.63
5 1.28 2.95 0.04 0.69 0.00 4.9%
6 2.03 4.51 0.81 1.52 1.68 10.56
7 1.44 7.14 1.43 1.68 8.98 20.68
8 0.55 21.29 0.36 0.07 12.14 34.41
9 0.14 2.34 0.00 0.00 9.14 11.61
10 0.06 1.56 0.00 0.00 5.44 7.06
11 0.04 0.09 0.00 0.00 0.77 0.90
12 0.00 0.08 0.00 0.00 0.00 0.08
Total 12.69 41.28 2.64 5.25 38.15 100.00

Average Molecular Weight = 98,22
Average Oensity = .754

Average Carbon Number = 6.73

H/C Ratio = 1.79
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“AFLE 23. - Fuel composition summary - New Orleans -~ suamer

o' ume-percent Summation by Carbon Number and Zomdoun~ . uss
[nitial
carzen Paraffins
NC. NOrTE Iso Naphthenes Qlefins Aromdtics Total
X £.20 0.00 0.00 0.09 C.Co e.oc
2 ¢.0o 0.00 0.00 0.00 9.00 3.00
B C.56 0.00 0.00 0.10 0.00 0.69
= 5.74 3.65 0.00 2.10 0.00 14.49
5 £§.23 6.29 0.14 2.70 0.00 14.36
z 4.24 6.43 2.24 3.63 1.71 18.25
7 L.61 5.27 1.25 2.14 7.21 17.48
3 0.54 5.19 0.81 3.15 iC.29 16.98
3 C.1 2.51 0.08 0.00 8.3 11.05
RS 0.08 0.63 0.00 3.00 §.8? 5.53
R 0.05 0.19 0.00 ¢.00 .68 €.92
12 2.90 0.20 0.00 0.00 0.04 0.24
Tota’ 21.24 30.37 4.51 10.83 ’53.06 100.00
iverige Molecular Weight = 89,21
Averige lensity = .731
Avesare Carhon Number = 6.16
HyC Fatio = 1.84
48 Hours
Cavror Paraffins
oL Normal Iso Naphthenes Ciefins Arcmatics Total
0.00 0.00 0.00 0.00 0.00 0.00
2,00 0.00 g.0c 0.00 0.00 0.0c
: 3.54 0.00 0.00 0.08 $.00 0.63
2 5.9. 3.15 0.00 2.15 G.00 2.21
: 5.37 5.93 0.14 2.72 0.00 14,16
. 729 €.48 2.27 3.64 1.74 18.42
X 1.60 5.40 1.40 2.15 7.50 18.11
3 N.57 5.26 0.85 0.15 1C.75 17.58
g C.i6 2.74 0.08 0.00 8.64 11.62
. £.28 0.55 0.00 0.00 5.30 6.13
L T.08 0.19 0.00 0.00 0.67 0.91
L 5.C0 0.19 0.00 0.00 0.04 0.23
Tt 19,54 29.90 4.74 10.89 34.€3 100.00

Yyesaoc MoTac T3r Weight = 90.64
S "'.;",_( - ./737
Ao Number - 6,27
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TABLE 24. - Fuel composition summary - Chicago - summer !

Volume-percent Summation by Carbon Number and Compound Class
[nitial
Carbon Paraffins
No. Normal Iso Naphthenes Dlefins Aromatics Tota)
1 0.00 0.00 0.0C 0.00 0.00 0.00
2 0.00 0.00 0.00 0.06 0.00 0.00
3 0.67 0.00 0.00 0.04 0.00 0.71
4 6.30 2.57 0.00 1.93 0.00 10.80
5 5.94 10.82 0.21 6.56 0.00 23.53
6 3.78 1C.04 2.95 5.22 1.99 23.98
7 1.64 4,40 1.55 2.53 8.10 18.22
8 0.66 3.86 0.71 0.18 4.79 10.19
9 0.09 1.7% 0.06 0.00 5.02 6.93
10 0.09 0.30 0.00 0.00 3.80 4.20
11 0.16 0.16 0.00 0.00 0.67 0.99
12 0.13 0.26 0.00 0.00 0.04 0.44
Total 19.47 34,16 5.49 16.46 24.42 100.00
Average Molecular Weight = 85.82
Average Density = .716
Average Carbon Number = 5.9!
H/C Ratio = 1.91
48 Hours
Carbon Paraffins
NO. Normal Iso Naphthenes 0lefins Aromatics Total
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.C0 0.00 0.00
3 0.09 0.00 0.00 0.05 0.00 0.15
4 6£.98 1.17 0.00 1.63 0.00 9.79
5 2.34 4.55 0.12 3.17 0.00 10.18
) 2.98 7.39 2.44 3.73 1.48 18.03
7 1.95 4.94 1.86 3.27 10.42 22.44
8 1.cC 6.02 1.32 0.25 8.31 16.90
9 0.16 2.99 0.11 0.00 9.00 12.2€
10 0.17 0.81 0.00 0.00 6.51 7.45
11 0.29 0.31 0.00 0.00 1.04 1.63
12 0.24 0.79 0.00 0.00 0.11 1.14
Total 16.20 28.98 5.85 12.10 36.87 100.00
Average Molecular Weight = 94.21
Average Oensity = .752
Average Carbon Number = 6.39
H/C Ratic = 1.78
53
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APPENDIX A

DISTRIBUTION LIST

Jack Acampora, ANM-174W
Western ACO

P.0. Box 92100Q7

worldway Postal Center

Los Augeles, CA 90009-2007

William Ackerman
6Bl Adams Building

Bartlesville, OK 74005

Jerry Allsup

National Institute for
Petroleum & Lneryv Research
P.0O. Box 128
Bartlesville, OK 74005
Bob Alpiser

Chicago ACO

2300 East Devon

Des Plaines, IL 60018

Neils Andersen

Senior VP - Engineering
AVTEK Corporation

4680 Calle Carga
Camarillo, CA 93010

Oscar Ball, ACE-112
DOT/FAA Central Region
601 East 12th Street
Kansas City, MO 64106

Paul Benjunas
Fngineer I

Textron Lycoming

550 South Main Street
Stratford, CT 06497

Dave Bently

Aerospace Program Manager
Society of Automotive Engineers
450 Commonwealth Drive
Warrendale, PA 15096
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Bob Berman, AWS-110

DOT/FAA National Headquarte:s
800 Independence Ave., SW.
Washington, DC 20591

Bernard Berns

Accident Prevention Spl.
Alaska FSDO-61

3788 University Avenue
Fairbanks, AK 99709

Robert Blair

Aviation Safety Inspector
WP - FSDO-13

218 Lagoon Road, Room 215
Honolulu, HI 96819

Raymond Boice, ACE-107
DOT/FAA Central Region
601 East 12th Street

Kansas City, MO 64106

Carl Borchers

FSDO #2

1387 Airport Boulevard
San Jose, CA 95110

Raymond Borowski, ANE-170
New York ACO

181 South Franklin Avenue
Room 202

Valley Stream, NY 11581
Michael Bragg

Ohio State University
2300 West Case Road
Columbus, OH 43220

Richard Brandiger

Principal Airworthiness Insp.
GL-FSDO-66

RR2, Box 4750

Rapid City, SD 57701
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Steve Sroewn
AOPA
421 Aviaiton Way

Frederick, MD 217C1

Pr. Burtner

Sun Refining and Marketing
ARD Departmant

P.C. Box 1226

Marcus ook, rA  19061-0526
Hank Burwash, ANM-174W
Western ACO

P.C. Bex 52007

Worldway Postal Center

Los Angelea T8 9C0009-2007
Gene Chartier, ANM-174W

FAA Western ACO

P.0O. ¥ox 32007

Werld Wsv fostal Center

nos Anwoles, CA  GC009-2007

Burton Chesterfield
Trarspertat
£506 South MacArthur Boulevard
Cklahcma City, OK 73125

Erneat Cross, Jr.
College of Engineering
Cld Dominion University
Norfoll, 74 23508

Jixnon
Boeinyg Aerospace Corporation
P.0. Box 3994
MIS SM-11
Seatt’e, Wl

Terenca

98124

David Downing

Lepartment cf{ Aerospace Engineering
The University of Kansas

207G Learned Hall

Lawrence=, K3 FAE0L5-2221
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ANE-141

“ew Frnpland Region
“xecutive Tark
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aeron,

ar A

Poarliseran, WA

ion Safety Institute, DMA-60

A-2

Eldon Elam
Air :afety Inves 1qui,
FAA ner’guarters, 4SF-10G

800 Tude epe nderco Av.enuye SW.
Waghington, D LoDy,

Frank Felnvery
Mobil Research and
Research Dep-rtuent
Billingsport Road
Puulshero, NJ {(80s0

Auguats Ferrers, ~72T-320
DOT/FAA Tcelinicai Center
AtTlantis ity Iprornat’'l A/P, NJ

John Getncy
A1 Safely Spe-ialint
U.S. Army Saf=t;
ATTH: CSEC-RI

Fort Rucker, AL

“enter
30352

wavne Gaulzetti, ANE-153

FAA New Englend Region

12 New England %vecutive Park
Burlington, MA 01803

George Heath

Investigator

Cenadlan Aviaticvr Ssfety Board
172-14220 Yellowhead Trail
Edmonron, AB.. CANADA

Roy Hettenbtzch, ANE-174
New York ACOQO

181 South Franklin Avenue
Room 202

Vallev Stream, NY 11581
Alfred Hughes

Central Region-FSDO 65
General Aviation Building
Lincoln Municipal Airport
Lincoln, NE 68524

Stephen Imbrogno
106 East Miami Avenue

Cherry Hill, NJ 08034
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Don Jacobsen, ACF-101
DOT/FAA Central Region
601 East 12th Street
Kansas City, MO 64106

Eric Jevons

Colt Industries

Control Systems Division
Charter Oak Boulevard
wWest Hartford, CT 06101

Frank Kertis

Sun Refining and Marketing
ARD Department

P.0. Box 1226

Marcus Hook, PA 19061-0526

William Kilmartin

Manager, Technical Services
ARCO Chemi.-al Company

3801 west _hester Pike
Newtown Square, PA 19073

Gere Kingsbury

Room 6733

I'.S. Department of Commerce
Wwashington, DC 20230

Richard Kirsch, AWS-120
DOT/FAA National Headquarters
200 Independence Ave., SW.
washington, DC 20591

Robert Koenig

NASA Langley Reserach Center
Mail Stop 352

Hampton, VA 23665-5225

Harold L. Mesaris

Manager, Field Investigations
Avco Lycoming Textron

£52 Oliver Street
Williamsport, PA 17701

Ted l.acara

Prin. Aviation Safety Insp.
Western Pacific Long Beach-FSDO-5
2815 East Spring Street

Long Beach, CA 90806
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Damien Lawson

Canadian Aviation safety Eoard
P.0. Box 9i:20

Alta Vista Terminal

Ottawa, Ontario K1G 3T8 CANADA

Jacob Leggett

Chief Chemist

“erby Refining Company
P.0. Box 1030

Wichita, KS 67201

R. Lewis

Market Manager, Methyl Fuels
Celanese Chemical Corporation
1250 West Mockingbird Lane
Dallas, TX 75247-0320

Donald Magnuson

Aviation Safety Insp.
FAA-NM-FSDO-67

116 North 2400 West

Salt Lake City, UT 84116

Phil Meng

MS-500 219

NASA Lewis Research Center
21000 Brookpark Road
Cleveland, OH 44135

Jay Nelson

SW-FSDO-67

FAA Building, Room 111
Wiley Post Airport
Bethany, OK 73008

Willie Nelson

Assistant Manager {(Airworthiness)
ASO-FSDO-64

9355 Tradeport Drive

Orlando, FL 32827

Richard Newcombe

Canadian Avijation Safety Board
P.0. Box 9120

Alta Vista Terminal

Ottawa, Ontario KIG 3T8 CANADA

Cathy Nickolaisin

Director

New Jersey Division of Aeronautics
1035 Parkway Avenue

Trenton, NJ 08625
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Robert Roebr

WP- FEDO-

7120 T oyvounagst
Suite 3.4

Van Nuys, 08 'aon

Avenes

Dick Rceme -
FAA Aviation
Whitman * O

Cahkoeah, WI ST

Fourdation

e ld

Russe .’ Topo. s
Arronulp Corporetion
Corparate Enginecving
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Len Rover

Accidont Tavel fgatg
USAST
Fort Rucker, AL 3€ K2

John Shimski
Naval Air Propuision Center
P.0. Box 7176

Trenton, NJ N862¢

Frederick Smetara
North Ca=nlina S
P.0 Box 5246

Rale1,h, NI 27650

#te University

H. Smith

Engineered Fabrics Division
Goondyear Aerospace Corporation
1210 Masaillen Road

Akron, OH 44315

Hubert Smith
Assistant Professor
Pennsylvania State University
233 Hammond Building
University Park, PA 16802
Robert Stewart

Program Manager

Gulfstream Aerospace Corp,
P.0. Rox 2206
Savannah, GA
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Yen Tavlor

Jhiet, Aercdvanmics & Pertform
Mooney Arrcraft Corporation
P box T2

Nerrville, TX TBO2

ceter Thomas

Sundstrand Aetospace Fluid Systems
-»21 11th Street

t.0. Box 7002

Rockford, IL 61125-7002

Charles Turrentine
Yngineering Specialist
General Dynamics Corperation
P.C. Box 748, M/S 177¢

Fort Worth, IX 76101

Neil Wagstaff

Avn. Safety Representative

McDonne i Lou:rlas Helicopter Company
500 Fggt M-lowell 560/G-22A

Mesa, AZ 55205

Donald Ward

Associate Professor

Aercspace Engineering Department
Texas A&M University

College Station, TX 77843

Richard Wares

National Institute for
Fetroleum & Energy Rescarch

.0, Fox 2128

tartlesville, OK 74005

John Wells

Director of Development & Certification
Gates Learjet Corporation

P.J. Box 7707

Withita, s 67277

[niis Williams

NASA Iangley Research Center
Mail Stop 286

Yampton, VA 23665-5225

Fdward Willis, Jr.

NASA ewis Research Center
Muil Stop 77-6

L1000 Brookpark Road
Cleveland, OH 44135

havid Yeomer
Collins~Rockwe !

MS 124-111

400 Collins Road, NE.
Cedar Rapids, Ia 52298

Richard Yotter, ACF-109
DOT/%¥AA Central Region
t 1 East 12th Street
¥ansas City, MO 64106

Acro Sport, Incorporated
P.0. Box 462
Hales Corners, WI S313C

Adams Balloon Loft, Inc.
27 DeKalb Peachtree Airport
Atlanta, GA 30341

Advanced Aviation, Incorporated
323 North Ivey Lane

P.0. Box 16716

Orlando, FL 32861

Aero Composites, Incorporated
1201 4th Street

P.0. Box 246

Fulton, IL 61252

Aerocar, Incorporated
P.O. Box 1171
Longview, WA 98632

Aerospatiale Aircraft Corporsticn
20 Expert Drive
Sterling, VA 22170

Aerospatiale Helicopter Corporation
2701 Forum Drive
Grand Prairie, TX 75053-4C05
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<na, Incorporated
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Sipply Company
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75401

Incorporated

15236

Company

33502
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arafaciuricrg, Incorporated

Avian Balloon Company
South 3722 Rideeview Tiive
Spckane, WA GCU0%

Avtek Corrmoratio.
509 Calle tarua
Camarillo. A S4077

Avtek Corporaticn
509 Calle Carga
Camarilleo, CA 43C.0

Avres Corporaticn
P.0. Box 3090

Municipal Airport
Albany, GA 3170¢

Barnett Rotorcrait
4307 Olivehurst Avenue
Olivehurst, CA 95961

Barney 0ldfield ! ircraft
?.0. Box 228

Needham, MA (2192

Beech Aircraft Ccrporation
Box 85

Wichita, KS 67201-0085

Bell Helicopter Textron
P.0. Box 482

Fort Worth, TX 76101

Bellanca, Inc.
P.0. Box 964
Alexandria, MN 56308
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kecser Aircraft Corporation
Foo. Box 31047
Kale1ph, NC 127622

Beerng Jommercial Afrplane
Company

P.C0. Box 3707

Seattle, WA 98124

Box 51, Ltd.

Municipal Airport
Route 1, Box 102
Penton, TX 76201

tritish Aerospace, [nC.
2,0. Box 17414

Pulles Int'l Airport
washingior, tC  20041-0414

Burkhart-Grobk of America
1070 Navajo Drive
Blu“fton Airport Complex
Bluifton, OH 45817

Rushhy Aircraft, Incorporated
=47 Rcute 52
Mincoka, IL 60447

cqameron Balloors, 7,8,

-1 Interprise Drive
Anr Arhor, MI O 4&103

Canadair

74 Riversicde Avenue
westport, CT (6880
TANADA

ra:A Atrcraft USA, Inc.

1215 Jefferaon Lavis Highway
Triite 400

Arlington, VA 22202

S ) - . .
ol e
Sl

CDX Aviation Sales
11343 1C4th Strect
Edmonton, Alberta

T5G 2K7

CANALDA

Cessna Alrcraft Company
P.0O. Box 1521
Wwichita, KS 67201

Christen Industries
P.0. Box 547
Aften, WY 83110

Christen Industries, Inc,.
Aircraft Manufacturing Division
P.0O. Box 547

Afton, WY 83110

De Havilland Aircraft of Canada
Garratt Boulevard

Downsview, Ontario M3K 1Y5
CANADA

Denney Aerocraft Company
6140 Morris Hill Lane
Boise, ID 83704

DeVore Aviation Corporation
6104B Kircher Rculevard, NF.
Albuquerque, NM 87109

Diehl Aero-Nautical
1855 North Elm
Jenks, OK 74037

Dornier Aviation-North America, Inc.
1213 Jefferson Davis Highway

#1001

Arlington, VA 222C2
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rf B, Srdurstries, Limited Fokker Aircraft USA, Iac.
;“ ‘ravville House 1199 North Fairfa: Street
?. ©SI-13% 3lgsane Street Suite 500
re T it SWIXGRR Alexandria, VA 22314
- a1 ann
Tagle 23’ ic~ons, Ltd. Freedom Master Corporation
Hanover Mun:icipal Airport 450 Hamlin Avenue
Ashiand, VA 23005 Satellite Beach, FL 32937
Fartrstar Aircraft, Incorporated Galaxy Balloons, Inc.
Star Route 820 Salisbury Road
F.0. R s Statesville, NC 28t77

Saprta Yarparcta, CA 093453

Tipier Arroraft Gates Learjet Corporation
Jri3l Yesz Road P.0. Box 11186
s, CA Q2390 Tuscon, AZ 5734
T~rryar 1 -craft Corporation General Aviaiton
o Fw. 34 Street Manufacturers Association
Tor- 1o dertale, FLOO33315 1400 K Street, NW,
Suite 801

Washington, DC 20005

‘ranrom ifslicopter Corporation Glaser Dirks Seilplanes, Inc.
Cw.o Iooerw Adrport 5847 Sharpe Road
L A Calistoga, CA ©4515
Mom —amae o MI 44858
sireraft Corporation Graham Thomson, Ltd.
TR lhse P.0. Box 1175
v-ros o, TX O 78284 Pacific Palisades, CA 90272
Fouocnn ot Oarporation Gulfstream A~rospace Corporation
T Airport Wiley Post Airport
vtermor N1 G7608 P.0. Box 22500

Oklahoma City, OK 73123

T srsr T rp Products, Incorporated Head Balloens, Inc.

T 550 Echelon Road

: T, v Greenville, SC 29605
Eowelorer o OH 45682

A-8

L R St SV P SR o g -,
L P R N P N e e Y -
A A A e




vy
.

/‘[‘».: _.’-—'.

Ty WY T

w, r_‘—v—wa Y v oy v, . .-
o e - ' PR K
. . TP E

L A A Sl

Y

T—p—

.f.'-w_ B ant
L

Tones Aviation Industries
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NAY Taimited
Towest Lith Avenue
P Bos CHES
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arrcoraft and Arms

pany, Inc.
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fooACWAY

crk, NY 10007
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w!vu fport Aircraft, Incorporated

15t Avenue

nat G

ster, A0 w3535

SOmpany
Deltvers 3
EN¢]

nixviite, PA 19460

sroraft

“ia Alrpoert Hangar |

Ta, NHOO 9246

re, Incerporated

Aviation Way

D H3606

Mirniiatere Afreraft
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Litecraft, Inc.
Route 4, Box 48
Vacheiie, LA 70060

Lockheed Gecrgia Company
Technical Reports Department
Department 72-34, Zone 235
86 South Cobb Drive
Marietta, GA 300063

loehle Aviation, Incorpornted
Shipmans Creek Road
Wartrace, TN 37183

Mael Alrcraft Corporation
Box 138
Portage, WI 53901

Maule Aircraft Corporation
Lake Maule

Route 5, Box 319

Moultrie, GA 31768

MBB Helicopter Corporation
900 Airport Road

P.0O. Box 2349

West Chester, PA 19380

McDonnell Douglas Corporation
3855 Lakewood Boulevard
Long Beach, CA 90846

Mcbonnell Douglas Helicopter
Company

Centinela and Teale Street:s

Culver City, CA 9023n

Melex USA, Inc.
1200 Front Street
Suite 101

Raleigh, NC 2760¢
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Mike Smirth oAero
RSN

Sturton ccurty Aidrport
Tehpsen Tiov, K3 67855

Yoomev Aizos ot Jorporation
Tl Bexw T
R e T TEL2R-CNT2
Marrie wvoaticn, Ltd
A
TarosTor L Atraort
States: o, LA 30458
Mucry oA Cation, Ltd.
Dutornesz Jity Airport

wappinge: s Falls, NY 12590

naticne. Aeronautics and Manufacturing
Cempany . Ircorporated
Ll Bow LUK

$
N B

‘nienendence, MO 64055

“outh O3al Street
et Taula, A 93060

s*alrar:, Incorporated
ol s tion wWay
. Anv 204G
Pocderesrville, NC O 287390

. ~ R .
eaco Alveoraft
vy

cvTm Fast Fuclid Place
tietern, CO 8012

Osprey aivcraft
3741 El Ricon Way
Sacramento, CA 95825

Partenavia of America

1235 Jefferson Davis Highway
#500

Arlington, VA 02202

Pazmany Aircraft Corporation
P.0O. Box 80051
San Diego, CA 62138

PIK Pacific
1231 Second St-eot
Manhatctan Beach, CA 9CZ266

Piper Aircraft Corporation
Box 1328
Vero Beach, FL 32961

Presgcott Aeronautical Corporation
1006 West 53rd Street, N.

P.0. Box 4590

Wichita, K3 <7204

Quad City Aircraft Corporation
3610 Coaltown Road
Moline, IL 61265

Rand Robinson Engineering, Incorporated
5395 Industrial Drive

Suite A

Huntington Beach, CA 92649

Rans Company
1104 East Highway 40 Bypass
Hays, KS 67601




::f Raven Industries, Inc. Sherts Brothers, UsSA, Tne.

T 421 West Eighteenth Street 2011 Crvstal icive

- Box 1067 Suite 713

.- Sioux Falls, SD 57101 Arlington, VA 22202-3702

N
" Ketingen Helicopter Compant Sikorsky Aircraft
- 24747 Crenshaw Boulevard North Main Streeot
. Torzance, CA 90505 Stratford, CT (6601
:x; kcgerson Aircrarft Corperation Silhouette Alrcraft Sales, Incorporated
- 1271 Alton Avenue 848 East Sants Maria Street
- irvine, CA Q92714 Santa Paula, CA 93060
:f' Retec Engineering, Incorporated Skypower

A P.C. Box 220 Box 236

X Duncanvil.e, TX 75138 Tea, SD 57064
: \""x

L

3?3 Rororway Aircraft Sorrell Aviation, Limited
;{5 7411 West Gslveston 16525 Tilley Road, S.
- Chandler, AZ 85224 Tenino, WA 98589
T
-
;f} SAAB Aircraft of America, Inc. Spencer Amphibian Air Car, Incorporated
- 200 Fairbrook Drive 11019 Gleroaks Boulevard
s Herndon, VA 22070 Pacoima, CA 91331

"

%}: Schleicher Sailplanes, Inc. Squadron Aviation, Incorporated
N P.O. Box 118 P.0. Box 2376

:}: Pcrt Matilda, PA 16870 Columbus, OH 43223

hd

'l; Schweizer Aircraft Corporation Star-Lite Aircraft, Incorporated
S F.O. Box 147 2219 Orange Blossom

oo Elmira, NY 14902 San Antonio, TX 78247

L ]

'%:‘ fequoia Aircraft Corporation Stoddard-Hamilton Aircraft,
- 2000 Tomlynn Street Incorporated

LN P.N. Box 6821 18701 58th Avenue, NE.

(- Pichmond, VA 23230 Arlington, WA 98223

Py

R

LS

“u _

LY A-11

LS
. AL
. ey

-t 4"’.-
y Yo

54

»
»



At aai man gan aat bt Bl St gat

N

-

~

1

. Stolp Srarduster Corporation
) 4300 Twining

- Ylabobh fuirport

. Rivers:ie, CA 92509

Swearirpen Aircratt Corporation
1225 99th Street
Iin Antonic, TX 78214

—~- R A

Tavlersraft Aviation Corporation
PLo0L Box 547

- w
A

\ 527 F.es Bald Fagle Street
Loare ewon, FA 17745
senle Jompany
f.0. Box KIS
Conlidge, AT BS228

e balloon Works
G617 Jalrahury Road

‘ratesv)'le, NC 28677
Ttunder and Colt, U.S
Fox 20

h

U.timate Aerobatice, Limited
Guelnh Airpark

Guelph, Ortario

VIH AR

TANALA

Vin's Aircraft, Incorporated
.7, Tox 60
Varth Pisins, OR

Son
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Incorporated
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War Aircraft Replica, Incorporated
348 South Eighth Street
Santa Paula, CA 93060

Weatherly Aviation Company
2304 San Felipe Poad
Hollister, CA 95023

Westland, Inc.
7135 Jefferson Davis Highway
Suite 805

Arlington, VA 22202

White Lightning Aircraft Corporation
P.0. Drawer 40
Sheldon, SC 26941

Zenair, Limited
25 King Road
Nobleton, Ontario
LOG 1NO

CANADA
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Civii Aviation Authoraty (5)
Aviation House

129 Kingsway

Lcndon w228 ANN England

1.1a (1)
Civil Air Attache

1601 Mass. Ave. NW
washington, PC 20036

Exrassy of Austs

Scientific & Tech. Info FAC (1)
ATTN: NASA Rep.

?.0. %ox 8757 BWI Airport

Bait imore, D 21230
Northwestern University (1)
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Faa, Chief, Civil Aviation (1)
Assistance Group

b33rid, Spain

¢ 0 American Embassy

APD New York, NY 09285-0001

Jick Tebiason (1)

AT of America

1729 New York Avenue, NW
mesh1rgton, OC 20006

FL4 Anchorage ACO (1)
701 C Street, Box 14
Anchcrage, Alaska 99513

FaA Atlanta ACO (1)
1075 Inner Loop Road
College Park, Georgia 30337

TAA Boston ACO (1)
12 New England Executive Park
furlington, Mass. 01803

fAA Brussels ACO (1)
2/0 Anerican Embassy, APO
vew Tork, NY 09667

FAA Chicago ACO (1)
2300 £, Devon, Room 232
Des Plains, Illinois 60008

FAA Denver (1)
10455 £, 25th Ave., Suite 307
Aurora, CO 98168

Frank Taylor (1)
3542 Church Road
Eliicott City, MD 21043

Mr. Gale Branden (FAA) (1)
£328 Queenston Street
Soringfield, YA 22152

Pichard E. Livingston, Jr. (1)
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